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THE INFLUENCE OF TIP SHAPE ON ‘J7HE WING LOAD DISTRD3UTION AS DETER-
MINED BY FLIGHT TESTS

By RICHARDV. RHODE

SUMMARY

Pressure measuremds were mude in jligld on the
njld upper wing of an M-3 airplwe. The efeds of
tip plan form, U.KU3hmd)and transverse camber were
imwstigaledwith eight tip form in unyawed condiii-ow
througluwithe range of posiiwe lift coem8 from zro
lift to tlw std.

T/laprincipal dti is that the tip planjorm dom
not in$uence the span di.dribution of the coejhienis oj

The investigation was made in flight on a biplane
and was confined, in the main, k a study of the
influence of tip plan form on the load distribution in
unyawed conditions over the right upper wing,
although some data were also obtained on the effect
of washout and lateral camber.

Although necessarily limited in scope; the results
should be of considerable value in the estimation of
the load distribution, both for use in induced-drng
calculations and in structural-&sign requirements.

FIQUBEL—’l’heL&8aW8nE.

n07naLjorc4and moment. It is 8h0wninferen$idy that
temper~ure, humidity,and the @w of the mod ad
jalmic wing structure wed on the M+ airplanehavean
appreoi.abfein$uence on the k-l di.strdmtbn.

INTRODUCTION

This investigation was conducted for the purpose of
providing systematic data that could be used as a
partial basis for the formulation of more satisfactory
design rules to govern the assumed distribution of load
over wing tips. Although the data have previously
been published as technical notes (references 1 to 6),
they are here collected and discussed as a unit in order
to record the principal general conclusions of the
investigation.

The investigation was oonducted by the National
Adviso~ Co&ttee for Aeronautics at Langley
Field, Va.

APPARATUS AND METHOD

Airplane,-The airplane used in these tests was a
Douglas M% (fig. 1). This airplane is a conventional
biplane with a moderately high aspect ratio. Its
principal characteristics are given in table I.

Instruments.-The instruments used in the pressure
iwts were a diaphragm type recording multiple
manometer (N.A.C.A. type 60) and an N.A.C.A.
air-speed recorder. A recording accelerometer was
also used aa a guide to prevent overloading the air-
plane structure in the pull-up maneuvers required to
attain high lift ooeffioients in the pressure tests, and
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as a means of m- the total normal force so that
the air-speed calibration could be related to the normal-
force coefficient (CL)’ in accelerated flight. “

Ten pairs of orifices were installed in the right upper
wing panel at each of the rib stations defied in table
II. Each pair consisted of an oriiice in the upper
surface of the wing and one directly below it h“ the
lower surface. The ofices ware connected to the
manometers in such a manner that the difference in
pressure between upper and lower surfacea at each
orifice location was measured. No measurementswere
actually made at the wing root, and the data given
later for this section were obtained by extrapolation.
The influence of interference factom near the root, such
as fuselage and slipstream, were therefore largely
avoided.

The swiveling pitcn%tatic head used in the air-speed
measurements was mounted on a boom about 0.9
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chord length forward of the right lower wing at the
outer strut location (@. 1). In this manner the
interference of the wing w-asreduced to a small value.

The inshuments were mountad in an insulated com-
partment which was kept at a constant temperature
by means of an electrical heater controlled by a thermo-
stat and deriving its energy horn a generator driven by
the airplane engine. Before each flight the heater was
connected to an external source of energy for about an
hour and a half in order to allow the instruments to
reach equilibrium at a constant temperature. By this
means the accuracy of the measurements was con-
siderably increased.

Preliminary tests.-Prior to the main te9t9, the air-
speed installation was calibrated over a speed course in
the usual manner. It was found that the wing inter-
ference at the location of the pito&etatic head w-as

I ‘I%enormd-fma wefflofent oftheekplanoisdo50d by the fdlowfng eXPCE@IXC
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small at most angles of attack, the maximum effect
being to reduce the measured air speed about 3,3 per-
cent at minimum speed.

Measurements of torsional deflection of the celhde
were made in steady glides by means of a surveyor’s
level, which was used to sight on scalea attached to a
boom secured to the outer struts. The reaultaof these
measurements are shown on figure 2.

Precautions observed.-In addition to maintaining
the instruments at constant temperature, the following
precautions ware observed. Except iu the case of wing
tip 6, the wings were rigged to have a slight amount
of wasbin eufEcient approximately to compensate for
the torsional deflection of the cellule under the condi-
tions in which the low angle-f-attack measurements
were made. The rigged twist was frequently checked
during the tests. Thus the results were obtained for
zero twist. At the high angles of attack, conditions
were such that the torsional deflection would not offsot
the rigged twist; but at the high angles the rigged
twist was such a small fraction of the angle of attack
that its effect was negligible.

All test maneuvers were made in the verticad plane
b avoid yaw and roll. In addition to level-flight
runs, push-downs were performed to obtain measuro-
meni% at zero lift, and pull-ups were made to obtain
results at high lift coefficients. The calibration of the
air-speed installation was applied to the measurements
made in these maneuvem on the basis of lift coefficient.

The aileronsin the upper wing were shortened so that
they did not extend through the pressure ribs. Thus
the influence of slight aileron displacements and of the
gap between wing and aileron was reduced to a mini-
mum. Furthermore, the necessity for aileron displace-
ment in the test runs was eliminated by careful rigging
of the cellule and by counterbalancing the weight of
the installation in the right upper wing with a weight
placed in the left wing.

In order to verify an assumption that the tip shape
of the lowar wing does not aflect the load distribution
ova the upper wing, certain of the tests were made
with two widely difFerenttip shapea on the lower wing,

PRECISION

The temperature of the instruments in the insulabd
box was maintained constant within + 0.6° l?, Tem-
perature effects were therefore negligible. Frequent
calibrations of the manometers and air-speed recorder
showed changes between calibrations not exceeding 2
percent. The calibration made nearest to each test
run was always used; hence, eITorsin pressure meas-
urements were lW than 2 parcent.

The calibration of the air-speed installation waa used
directly for the teat runs in level flight. Interference
errors were therefore eliminated in these runs and the
accider@d error did not exceed 1 percent. In the
accelerated%ight conditions, the installation ordibra-
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tion was used on the basis of airplane normal-force
coefficient as determined born the accelerometer meas-
urements. It is estimated that the air apeed in three
casea is correct to within 2 percent. Thus, for the9e
cases, wing and rib UN ss integrated &om pressure
measurementsmay be in error by 4 percent as a result
of erroneous air+.peed measurements, or by 6 percent
considering the pressure errors. These errors, how-
ever, do not greatly aifect the relations between the
coefficients given in the final rcm.dta,ss indicated by
figures 3 and 4, and hence have no appreciable inf3u-
ence on the span ~M curves nor on the curves of Cm
about the leading edge. Moment coefficients about the
aerodynamic center may, however, be considerably in

Wing G,

Fxamm3,—zxwlnMntal Pohts fm rib A+Don@o tip (ribCHudnst wiw CA.

error and they axe useful only for indicating general
trends, as will be discussed later.

~G-Tll? SHAPES

Variations in plan form only,-Tips 1 to 5, which
vary in plan form only, are shown in figures 5 to 13.
The ordinatea axe given in tables Ill to VI. In all
these tips, care was taken to maintain the basic airfoil
section (Clark Y) to the extreme tip and to avoid twist.
The front elevations of the tips were kept symmetrical
by designing them so that the forward projections of
the loci of the maximum mean camber were straight
lines, as shown in the figures.

While tip 2 does not come strictly within this cate-
gory, it is viewed for the purpose of this investigation
QSa square tip with a faired end to be compared with
the My square tip. The fairing is defined by simi-

lax approximately equilateral triangulsx sections in
the plane normal to the chord and plane of symmetry.

M.isoellaneous shapes,-Tip 6 is deiined in iigures
14 and 15 and table VII. This tip was on the airplane
m received and was tested ss a representative example
of conventional design practice. In this tip the Clark
Y section was not maintained, the sections approach-
ing the symmetrical toward the end. The effect of
this degeneration of section is to introduce aerodynamic
washout defied by the directions of the zero-lift lima
of the sections for two-dimensional flow. Figure 16
shows the rigged twist ss tested and also the aero-
dynamic washout for this tip determined on the basis
of Munk’s method for iinding the direction of zero lift.

Tip 7, deiined by figures 17 and 18 and table VIII,
was designed with the object of attaining straight
center+f-pressure loci in both high and low angle-of-
attack conditions. The leading-edge arc of the tip
plan form is a quadrant of an ellipse with semimajor
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FIGURE 4.—lhpan9n talPoIutsforribA, DonglastisI(ribC. amWtrib C~).

axis 0.71c and semiminor &s 0.29c. The tmiling-
edge arc is circular with radius 0.71c. The front
elevation is symmetrical and the tip is slightly washed
out.

Tip 8, which is the same ss tip 4 except in front ele-
vation, is defined by figure 19 and table IX This
tip was, at the time the teat program was devised, the
standsrd tip for airplanea of the United States Navy,
and it was tested at the request of the Bureau of
Aeronautics, Navy Department.

RESULTS

Effeots of variations in plan form.-Clmrts showing
the relations between rib C~ and wing C~, and be-
tween rib C. and rib Cx, for tips 1 to 5 are given in
figures 5 to 13. In all case9 the dispersion of experi-
mental points, which were omitted in the charts for
the sake of clarity, was of the same order as indicated
in figures 3md4.

In the case of the squme tip, teats were conducted
with both square and Douglas tips on the lower wing.
No consistent dHerences in the measurements were
observed, and the curves of figures 5 and 7 therefore
represent both cases.. In all other cases the results
were obtained with the Douglas tip on the lower wing.
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A comparison between f@mM 5 and 6 indicates that
the principal effect of the faired end on the squaxe tip
was to reduce greatly the load near the extreme tip at
high Vtlhle3 Of wing c~. With this exception, which is
probably due to the effect of the sharp edges of the
fairing, a comparison of the results in this group indi-
catea that the influence of plan form is quits small, if
it exists at all. Figures 20 and 21 illustrate this point
well. While a small part of the band widths in these
figuresmay be accounted for by errorsin measurement,
n detailed analysis of the data has indicated that mdst
of the dispersion is the result of variations of section
profiles and incidencw that were caused both by im-
perfect construction of the several tips and by defor-
mations of the wood and fabric due to changes of
temperature, humidity, and age. It is therefore
believed that the width of the bands is substantially a
measure of the probable variations of load distribution
that occur in service as a result of such causes. In
view of these minor variations with tip plan form,
rumrageresub from tips 1, 3, 4, and 5 are tabulated in
tables X and H, horn which the load distribution can
be determined with small error for any practical tip
plan form. —

13ffeotof washout and lateral oamber.-Charta show-
ing the relations between rib 6’N and wing CN, and
between rib ~m and W@ CN,for tips 6, 7, and 8 &e
given in figures 14 and 15 and in 17, 18, and 19.

The effect of washout on the span Ch distribution
in the cases of the Douglas and N.A.CA. tips k indi-
cated in iigures 14 and 17 and also in figure 20. Such
offecb can be predicted with satisfactory precision for
practical purposex by a moditled strip method, using
the UN relations given for the “unwashed” tips at
each section. When doing this, it is of course neces-
smy to relate ONto angle of attack so that the influ-
enca of local variations of incidence can be interpreted
h t8~ of ON.

The effect of the lateral camber of the standard
Na~ tip on the span UNdistribution was found to be
within the experimental error. The ON relations for
this tip are therefore the same as for the short ellip-
tical tip given in @ure 10. The moment coefficients
mmsured differed slightly horn those for the short
elliptical tip, however, and are therefore shown sepa-
rately in @e 19.

The extent to which the objective of the N.A.C.A.
tip design waa attained is indicated in iigure 22, which
sbows the center+f-pressure loci for representative
cases at high and low anglca of attack. The center-
of-prcasure loci at high anglea of attack are not
straight lima but curve aft aa a result of the relatively
Imge pressures that occur near the trailing edge at the
tip. At low angles of attack, however, the center+f-
preasure loci are reasonably straight. It should be
possible, with the present data at hand, to design a

tip to have any predetermined load characteristics
within reasonable limits. For example, the center+f-
preasureloci at high angles of attack can be straight-
med by shearing the tip sections farther forward by
in mount consistent with the relations between CN
md Cmgiven in @ures 17 and 18.

Ilifeot of temperature, humidity, and age of wing
#a-ucture.-While the effects of temperature, humidity,
md age have been briefly mentioned above, ilgure 23
B presented to portray these effects more vividly.
h order to obtain the results shown in this figure, the
%verage values of C=~z at ON- 1.0 for e+wh set of
iata on rib A, which remained unaltered during the
xx-use of the t+wts,are plotted against the time of
y-earat which each set of data was obtained. It may
be inferred from this curve that in the damp winter
weather the fabric and rib structure “soften” and
prmit greater deflections, which increase the camber
md hence the value of the moment coefliciant. The
wme tendency is indicated with respect to the age of
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the airplane. The magnitudes of both eflects are
fairly large, and it is evident that as a result of the
variations in structural stiflhwa the span-load and
span-moment distributions will diiler from time to
time on the same wing under the same ilight condi-
tions. .

CONCLUSIONS

It may be concluded from tlis investigation that:
1. The distributions of CJVand cm along the span

are practically independent of tip plan form in un-
yawed conditions.

2. A sharp-edged tip fairing on a rectangular wing
drastically reduces the load near the extreme tip at
high angles of attack.

3. Lateral camber of the tip has no appreciable
effect on the load distribution in unyawed conditions.

4. The shape of the lower wing tip of a biplane of
normal relative dimensions has no appreciable influ-
ence on the distribution over the upper wing tip.

5. Temperature, humidity, and aging, on wings of
wood and fabric construction, under given loading
conditions, apparently result in chrmges of wing shape
sufficiently great to cause appreciable variations of
load distribution.
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TABLE I

CHARACTERISTICS OF DOUGLAS M-3 AIRPLANE

m---------------------------------------------------------- BIP~~
WoL--------------------------------------------------- OfarkY.
SW (WE and 1-)------------------------------------- 4S k 10tno
C7bmd(upK and 1-)------------------------------------- 5 k 8 h.
Gap. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- eft. ofn.
s_-----_ .___. ___–._ . . . . ------------------------ Nom.
PdtIOn of W. fn @v8nt of mti------------------------------ 29.
Arma(sq. ftJ: -

Rfgbt Upper Wing, fnolndfng d------------------------- I!M.4.
Rfght lowez Wfng, fnolndfng d-------------------------- 1W4.
ToM wing m -------------------------------------------- 606.6.
H-MM --------------------------------------- S9.0.
vddti~ ---------------------------------------- 17.7.

Wefght durfng ti-------------------------------------------- 4,?46lb.
-e------------------------------------------------------ L~Y.
W hp. at L7KI r.Pn--––.–.-.-. .--. . . . . . . . . . . . . . . . . . . . . . . 420.
Pmlm~---------------------------------------------- lL6Zlb. ~hp.
wfng I------------------------------------------------- 9.671b.w W. fL

FIGUaE 23—Varfatfonjwftb sawn of Cd at CL-LO fcurib A.

LANGLEY Mimom.m &EONAmW IJABoR.ATom,
NATIONAL hVISOEY Co~E~ FOE AERONAmCS,

MGmY bLD, YA., JUIM9, 1984.
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TABLE II

RELATIVE DIMENSIONS AND LOCATIONS
OF PRESSURE RIBS

Ratio of Chctrdte mt Ohcmf

, ,
+XIAIB o D

L Oul
LfLW
l..

.837

.mu

.948

.940
1 1 I

Dlstrmcefrom tip (rmt@md length)
I

IT
4fIM -------- z C96
4.oad –---–. 2 O’as
4.036 29T8 2695
4.m 2973 2W5
4aM 2978 2@J6
4 m -------- 2095
4036 2976 2GW
4023 2978 2W5

:%
.7XI
.m
.m
.m
.Tin
.720

0.4W
.490
.4s6
.466

q

.W

6,2s2
.2s2
.279
.279
.279
.!279
.279
.m

o.Ofn

:$%
.096
.m6
,096
.096
.096

0.870
.970
.970
.970
.970
.970
.970
.970

TABLE ~

ORDINATES OF PRESSURE RZBS

SQUARE TIP

TIPS 1AND2

Cfark Y I Rfb A Rib E Rib F
station h
Pm&t

Rib B Rib O Rfb D

uPFa

3.30
h34

HI
K 91
9.66

10.67
IL XI
1L81
IL40
la 6s

;$

k!!
202
.74

upper

T
Ar@r upp3r

8.60 3-49
L’Z3 6.M
L 47

M
:8 9.05
.42 9.74
.16 10.76
.03 lL!m
.m lL73
.@ 1L2-5
.Ixl 1::
.W
.al a27
.W 7.7.
.a)
.W Z&l
.m I.SJ
.co

Lava

X49
LU3
L 47
.97
.0s
.46
.2a
.cra
.@)
.m
.m

—.
.2
.fm
.Cm

—.cd
—.Cra
—.23

AJWa UPPW UPPE LowelMm31

a.ao
LTJ
L23
.&3
.28
.32
.14
.W
.W
.06
.m
.Cm
.@
.W
.18
.23
.14
.al

upper Lows hwer

x 17
&51
&39
7.86
am

1:8
IL M
IL 67
lL M
10.48
a a4
aa2
7.40
6.51
3.12
L 2A
.m

&17
L 76
L 20
.78
.61
.a2
.W

:%
.W1
.0s
.Oa
.@
.14
.14
.14
.14
.M1

a.60
6.43
6.60

H!
Rem

m 63
Uao
U70
IL 40
la a
Q 15
&ao
7.a6
&z
293
L49
.la

X49
6.42

.$:
am

1:%
IL 26
lL 81
IL46
10.m
Q26
8.46
7.67
hm
a.al
2fa
.M

X49
L84
L33
.87
.46
.32
.18
.06
.Im
.@)
.06
.14
.14
.14
.Za
.18
.Lra
.W

3.36
&s%
539

ii:

la 71
IL 27
IL 72
lL 44
10.6a
9.24
;%

i 61
a12
L84
.46

a..%5
LES
L43
.s7
.61

6.a7
.18
.m
.al

:%

%
.14
.Oa

-: E
-.23

3-64
hfa
&43

;:
9.74

la 76
IL 36
lL 67
lL 40
10.W
9.‘M
&w
7.40
6.51
,lm
L&?
.55

&64
L m
L43
.s
.40
.a7
.18
.CrJ

:%
.fn
.14
.18
.14
.18
.14
.M

-. w

Nom-AIlordfnotm @mnarofnmwntafchord.
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TABLE IN

ORDINATES OF PRESSURE RD3S

CIRCULARTD?
TIY 3

I RIboI RfbB Rib D JM)E I RtbIf

Po+tit
upper 11—Upper Lower Upp3rhwer upper Jpper Law-m Uppw ILowm Jppa Lava hvel

3.40 X49
L84 &M
L23
.87 M
.51 9.0s
.41 9.74
:$ la 76

lL B
.m IL 7%
.al IL 36
.al la 49
.al 9.19
.05 6.27
.Qa 7.36
.W h=
.CQ 2s)
.W LEJ
.al .23

3.49
LW
L 47
.07
.ed

:f&l

L 47
.93
.63
.42
.16
.03
.lm
.W
.m
.M1
.al
.W
.Cm
.m
.m
.m

340
h 47
&Es
7.‘Ml
am

1; E
lL 21
IL 67
lL 20
10.48
9.19
a27
7.%
h?a
2WI
L66
.37

3.sa
L79
L=
.s3
.28
.32
.14

:%
.&5
.m
.@zl
.W
.Oa
.18
.B
.14
.M1

3.49 2.40
h42 L84
e.43 L38
am .87
8.96 .46

.32
1; g .ls
lL % .06
lL 81 .m
lL 46 .W
10.Es .05
9.25 .14
a46 .14
7.67 .14
&m
%31 :3
!202 .@
.ffi .m

3.35
L39
L43
.87
.67
.32
.04
.m
.m

-.
.%
.04
.m
.m
.04
.m

-.
.%

LEB 2.69 346
h73 2m &w
e.n
7.93 M M
.&g .72 &w

.47
10.M .% 1! z
lL 21 .11 lL W
IL 81 .0s lL 80
IL 39 .m lL46
la 51 .m la !!3
9.19 .m
am .m M!
7.37 .M 7.76

.m 5.49
:: .m 3.07

L87
.05 ~. E .30

3.46
L&l
L67
L 17
.n
.4
.18
.@

:8
.m
.a3
.05
.06
.0.5
.m

:8

.46

.23

.@

.m

.W

.Cm
—.

.%

.W

.m
—.r!+
—.cm
—.23

T. 3LE v

ORDINATES OF PRESSURE RJBS

SHORT ELL13?TICAL TIP

m4

Mat&on

rm&t

o

R
K

o12rkY I IMbx Rib A Mb B Rfb O Rlb F

T
Lower upper ~

:. 3.42
E.44

L4f
.%3 ;Z
.ss &64
.3s
.11 1:%
.m IL26
.@) lL&5
.W lL&5

–.8 lo.4e
—.
—. k%

.% 7.26

.m 6.27

.m ~.
—.

.E .26

uppeI

;$

6.fa
7.w
&w

12%
IL 28
IL m
IL 40
m.62
9.16
8.?4
7.36
&22
280
L49
.U

Uppa

a 49
&69

;g

i 74
la 76
IL B
lL 7%
IL 36
10.46
9.19
an
7.36
&w
la
l..

IJJW91 =--k=upp3r L9wor Uppw L0w2r

2.42
. -----
L 47

;fi

.m

.m

.m

.m
—.

.%

.m

.m
—.

.:

.W

.m

Uppal

2.6s
-— ---

::
8.Ta

lk :
lL22
lLM
la 89
lJ. 23
8.91
am
7.07
~m
266
L42
.ls

Lawm

?!.m
Li2
L32

%
.29
.ls

:%
.m
.m
.m
.m

-.
.8
.m
.m
.m

3.62 3.40 2.40
6.47 ~.

;: 6.63
.87

.63 M .51

.42 .41

.15 lk R .18

.m lL 21 .05

.m lL 67 .@)

.m IL 30 .m

.m m 48 .m

.@ 9.19 .m

.@ ;g :%

.m

.m i33 .m

.m 2W .m

.m L@-5 .m

.m .37 .m

3.49
LW
L 47
.07
.M
.46
.28
.@
.m
.m
.m

—.
.E
.m
.m

—.a5
—.w
—.23

3.36 :%
&34
6.X3 1:33

.%3
;: .%

.32
lk : .14
lL %
IL 81 :%
IL 40 .06
m 69 .Cc3
‘$.42 .Cm
a64 .Ua
;g .03

.18
z 31 .23
202 .14
.74 .m

3.49
6.42
6.43
am
a’w

1: E
lL’i%
lL 81
lL 46
10.69

::
7.67
hm
3.31
202
.ed

3.49
L84
L36
.s7
.46
.32
.ls
.a
.03
.m
.as
.14
.14
.14
.2a
.ls
.m
.Cm

2.2$
6.34
&81

;;

lii 66
lL 19
IL ~
IL 29
la 46
9.16
am
7.31

:2
L43
.19

?.6
10

E
20
40
m
60
M

:
w

1%

Nora.-Aff 01’dh8tMdven are h IM’mIIt Ofohmd.

TABLE VI

ORDINATES OF PRESSURE RD3S

LONG ELLD?TICAL TIP

T12 6

Olark Y Rib X RibA I RibB Rfb O Rfb D Rfb Est2&on

Pm%rtit

T
Upper Lower UPP91

Xm 3.M 340
6.46 LU3 6.47
6.M L47 6.S3
7.W .m
&36 .m ~g

.42
1: ~ .16 10.61
1L24 .CQ IL 21
lLm .m lL 67
lL 40 .m lLW
10.a .m 1~~
9.15 .m
7.25 .m 7.35
622
2&l :[ ;:
L49 .M L66
.12 .m .37

LOWEI

3-40
L84
L29
.s7
.61
.U
.18
.W

:%

:%
.09
.m
.m
.m
.m T

Lower Uppm

3.49 Km
L93 6.34
L47 &3S
.97 7.U2
.66 &91
.46 9.55
.23 la 67
.@ IL H
.m IL81
.m IL40
.8 10.68

—. 9.42
.m 7.5s
.% &m

—. a 31
—.Cra :fi
—.23 11

upper L4Jw2r

2.ta 2.62
&69 L=

L 31
:%? Lm
3.7W .@

:g
11:
LL24 .10
=68 .m
1L27 .m
m34 .m
9.m .m
7.28 .m
&17 .03
266 .m
L8S .m
.14 .m

Uppal

a40
6.69

M
9.03
9.74

10.76
lL !23
lL 73
IL 33
1: ~

7.36

in
L62
.23

Aww

f.

L33
.s3
.%
.32
.14
.05
.W
.06
.03
.m
.Qa
.ls
.n
.14
.m T

upper IAwel

&68 3.h9
6.67 L87
&49 L 41

.93
:% :g

1: z .17
IL17 .m
ILm .m
lLn .m
10.46 .a5
‘a.W .06
7.26 .a5
6.19 .m
279 .12
LM .12
.23 .07

Jppar LoweJ

2.44
L84
L42
.82
.64

::
.O1
.m
.02
.&s
.0s

:%
.m
.m
.m

2.66
201
L 61
.9J
.53
.32
.16
.06
.m
.m

:%
.m
.m
.m
.m

—.04

Ncm&-MI ordfmtca dvan am in W’C9nt0[ ohord.
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TABLE VII

ORDINATES OF PRESSURE RIBS

DOUGLAS TIP

TIT’ 6

, Bfb B Ribo
—

T
Upm Lowar

3.49 3.49
h42 L84
&43 L38
8.00 .87
afw .48
9.65 .32

m 02
n. 20 :;
1L81 .W
1L4.5 .m
1Q68 .06
9.26 .14
%45 .14

.14
:$ .23
.x 31 . 1s
2fra
.06 :%

Rlb D Rfb E Rib FClerk Y Rfb A

UPW LOWEI Upp

%60
hE3

M
9.14

11%
lL 16
lLo2
IL 30
1$$

i29
7.%
5.2$
3.04
L87
.76

Lam

3.M
202
L54
.04
.60

:E
.C9
.Cm
.fm
.06
.@6

:%
.22

:E
.m

Uppar I Low@ upp3r

4.62
6.80
7.61
&19
&60
&@

:%
10.M
10.CQ
9.67
8.73
a 19
7.78

M
3.w
2?J

LUW41

.4.62
%14
262
z 14
2in
1.92
1.46
1.16
.64
. lb
.CB1
.W
.a9
.16
.23

:3
.@

Upp

xm
.i45
0.64
7.90
8.8-3
9.m

10.6s
lL 34
lL 70
IL 40
la 62
Q.16
8.24
7.33
hzz
2S3
L49
.lz

LQwel

I
.pl 4.37

z 40
&76 LB
&02 :8
a.m
9.&s .03

la 42 .31
11.06 .10
u 31
1L16 :%
10.48 .0s

.0.5
;E .10
7.92 .10

.21
;E .42
Zn .m
L07 .62

3.49 ::
&6e

L 47
~:

:%
9.74 .40

m 76 .23
11.20
ILZI :%
U3J3 .W
10.48 .al
9.19 –. WI
8.27 .al
7.39 .0)
5.33 .W
Z&l –. 0s

m
-? z :23

~.
L3S
.E3
.23
.X2
.14

::
.06
.03
.@
.Qa
.Cra

:E
.14
-w

$.

L 47
.s3
.03

:%
.03
.fB)

:%
.m
.m
.Im
.W
.al

:%

Z2J3
6.34
&38
7.w
8.91
9.m

la 07

M?
1L40
la 63
‘a.42
&64

:E
%81

.?%

Nora-AU ordfnatesghen am fn pmantof chord.

ORDINATES OF PRESSURE RIBS

N. A.C.A. TIP

TIP7

Mb D Rib E Rib FCfnrk Y

u~

Ribx Rfb A

T
Jpper LJm’eI

3.49 3.49
5.60 Lfr3

L 47
M ;~
9.w
9.74 .46
.0.76 .%
L%
L 73 :%
136
a49 :8
9.19 –. 05
8.27
7.36 .;}
6.33
am –.0.5
L62 –.Q3
.23 –.!Q

Rfb13 I Efbo8t2t&011

pm-cm-c*t
Lower Uppel

3.39
&w

::
8.91

1$ E
lLm
lL 81
lL40
10.69
9.42
&64
7.6s

M
202
.74

Uppel IAwel upp31 1.4wer I Upp’ar I IAWOILOWEI Uppel

azo 3.49 . 3.49
L79 6.42 L84
L33 o.4a L38
.83 arm
.29 am :Z
.32 .3
.14 1: E .18
.0s lL!M .M
.fm lL 81 :%
.06 lL 46
.m 1} g .06

.14
:% &46 .14
.Q3 .14
.13 2E
.23 a.31 :E
.14 202 .03
.m .IM .Im

3.n
ha

H!
a79
9.62

10.48
lL 12
11.M
11.16
10.2!3
8.84
8.03
7.m

f%
2.m
L 16

3.H
L80
L%
.78
.48

:E
.Im
.M1
.W

:E
.a5
.m
.43
.73
.73
.W

3.19 3.86
L 91 ;% :2
L=

&07 1::
:; 8.09
.24 .73
.W ;!; .47

–. 17 .20
–. 17 11:w .Oa
-.11 IL 60
-.11 la 74 :%
–. 17 :3J .O1
–. 17 .Cm
–. 17
-.17 i% :ti
-.17 3.70 -. a3
-. g 276 -. w
-. L 12 –. 20

3.s0
6.46

%’
8-M
9.CO

m 6’3
IL35
IL 70
IL 40
10.62
9.15
am
7.35
6.22
:$

.lz

am
LU3
L47

:E
.42
.15
.m
.@)

:%
.al
.W
.al
.m
.m
.m
.m

&40
L84
L29

:E
.41
;;

.m

:%
.m
.0.5
.a3
.m
.m
.m
.m

NoTE.-An Ordinata given Zn3h p3rc=3ntof ohm-d.

TABLE IX

ORDINATES OF PRESSURE RIBS

STANDARD NAVY TIP

TIE’ 8

WJn mark Y

=’ =T=
Rfb FRfbx Rfb A Rfb B Rfb O Rfb D Rlb E

L-mm UPP31 I Iowa TPW

3.30
&34

M
&91

lt~
lLM
L 81
U40
10.68
9.42
7.m
&u
x al
202
.74

Lowel Uppm hwel I&3wel Uppe IAwa Uppw A?@

3.49 X49
&60 H;$
9.a5 :&
9.74

m.70 .:%
.@a

ii% .m
IL 36
m.4s :%
9.19 –. a5

2% :8
2@3 -. as
L62 –. 09
.D –. ‘2a

o a60 Xm
L23 6.46
26 O..m q
6
,7.5 :%

%
;: , ii%’ .15
m lL 30 .03
30 lL70 :%
40 1L40
m la 62 .m
@ 9.15 .m
m 7.33

.:%
% Hi ..m

L49 SJ
1% .12

&40
.zZ

::

10.61
IL21
lLo7
lL30
10.48
fl.1’a
7.36
&33
200
L06
..37

&40

i%
.s7
.61

::

::
.m
.m
.m
.fta

.:M

:%

?%
.:z
.:E
..14

,:ti
..a5

.:g

.::

..14
.m

M
Lm

.:2
,.32

.:E

..m

..m

..(M
-.14
..14
..23
.18
.Q3
.m

306
224
L64
L 19
.89

. . . .
.ia

–: H
-. n
—.

.8

.m

.m

.m

.m

.m

283
L 11
.76
.30

-: %
-. &l
-.48
-.48
-.39
-. m

.m

.m

.@

.(m

.18

.18
I
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TABLE XITABLE X

LOAD DISTRIBUTION AVERAGE RESULTS FROM LOAD DISTRIBUTION AVERAGE RESULTS FROM
TIPS 1, 3, 4, AND 5TIPS 1, 3, 4, AND 5

Rib c.

CIDRwt x A B c1 ‘lE F Itmt x A B E F

o
.1
.2
j

.6

.6

.7

.8

1:;
L 1

;::
L4
1.6

0:g

:%
.455
. Ml
.097
.814

il%
:.

1.3%3
L5@3
L 614
L 7M

:CJg

.223

.333

.4M

.543

.07.2

.783

i~
L127
LZ39
LW
L 41M

:%0

:~
.lm
.233
.811
.?s3
.407
.545
.024
.702
.781
.W

i~
L107
L 195

~g
.144
.218
.!232
.Ws
.445
.521
.001
. 5s1
. 7m
.84s

i%
L 125
L223

:=
.m
.179
.240
.8E3
.347
.479

:~
.757
.6W

i!?l
L2@3
L440

o
.1
.2
.3

-a 071
–. Gft4
–. 117
–. la
–. 104
–. 167
–. 210
–. m
–. 2M
–. m
–. 303
–. 32a
–. 349
–. 372
–. 395
–. 419
–. 442
–. 455
–. 494

~: Cl&l

–. 115
–. 139
–. Ma
–. 185
–. m
–. ma
–. 25s
–. 278
–. 301
–. 324
–. 340
–. W3
–. 392
-.415
–. 438
–. 403
.-._--

-0. ma
:. ~

–. 137
;.

–. .m
–. 227
–. 240
–. 271
–. m
–. 314
–. 330
–. ?47
–. 378
–. m
–. m
.------
..-----

-0. w
–. 090
–. 110
–. 131
–. 152
–. 174
–. 195
–. 216
–. ‘i27
–. 259
–. m
–. m
-.320
–. 341
..-. —-
..——-.
-------
-------
.--- —-.

-a m -a Ce7
–. m –. am
–. 1C9 –. la3
–. lzo –. E2
–. 152 –. 150
–. in –. 17%
–. lm –. les
–. 217 –. 218
–. 240 –. 242
–. 202 –. 233
–. 284 –. 290
–. m –. Sls
–. 323 –. 240
–. 349 --------

yjl?$l

–. lal
–. m
–. 146
–. In
–. lus
-.225
–. ml
–. 2S3
–. 312
–. 342
–. 373
–. 4W
-–-a.
--------
-— .-. .
,.———
,—— —

-: Lo

–. m
–. 121
–. 154
-. Ea
–. m
–. m3
–. 3C5
–. 347
–. w
–. 433
–. 47s
–. 523
–. m
–. o14

.4

.5

:;
.8

i;
L1
L2
La
L4
Lb
L6
L?
La

.----—.---.--
---.--- -.—---
--.--—....—-
.----—.-..-.-,
.---—.--------

-.-. -.—
——-..


